Serious environmental management games can improve understanding of practical environmental sustainability challenges by offering opportunities to obtain first-hand experiences that may be otherwise too costly, difficult or dangerous to reproduce in reality. Game-based learning (GBL) has been found to increase soft skills, such as critical thinking, creative problem solving and teamwork, as well as to improve cognitive development, learning retention and social learning, which are important for future environmental researchers and professionals. Environmental management games can be applied in educational settings to promote awareness about sustainable resource planning and management among citizens who are increasingly exposed to products of the information age. This paper provides an overview of game-based learning and the state of serious games (SG) for environmental management, offering insight into their potential as effective tools in facilitating environmental education. SGs have been shown to possess numerous qualities that have been connected with improved learning experiences and cognitive development, but research must continue to study the SGs' efficacy. Shortcomings found with games reviewed are that few evaluate or explain pedagogical foundation, and many are hard to implement or not accessible. Methods employed in determining the effectiveness of SGs vary greatly among environmental studies, necessitating a standardized methodology to reduce disparities in testing procedures. Furthermore, a centralized source, effectively an online database for SGs, is needed for locating and obtaining information pertaining to the available environmental games and their most appropriate applications.
Introduction
Environmental management has long recognized the importance of interdisciplinary collaboration and a systems perspective (Hoekstra 2012; Rusca, Huen, & Schwartz, 2012) , providing a suitable context for application of game based learning (GBL). Games can be applied in educational settings to promote awareness about environmental and sustainability challenges among citizens who are increasingly exposed to products of the information age. Computer graphics and realistic simulations allow learners to role-play in environments that would otherwise be difficult to replicate (Kirriemuir & McFarlane, 2004) . This capability is essential for environmental management education because of the need to make important decisions about "wicked" environmental planning and management problems (e.g., climate change and extreme weather events, ocean acidification, desertification, and biodiversity loss, among others) as opposed to well-defined, end-in-view "tame problems" (Rittel & Webber, 1973) .
The youth who were the first generation to grow up with digital technology including internet, computers, video games, MP3 players, and smartphones, have been dubbed the net-generation, digital-generation or digital natives (Prensky 2001) . Prensky (2001) maintains that digital natives think and process information differently than previous generations because of the pervasiveness of exposure to technology that is a key characteristic of today's youth who spend their time differently than former generations. In 2009, it was estimated that total daily media exposure among American youth ages 8-18 was 10:45 h on average; an increase from 8:33 h in 2004 and 7:29 h in 1999 (Rideout, Foehr, & Roberts, 2010) . Video gaming, specifically, increased to an average of 73 min per day in 2009, a marked increase from 49 min in 2004 and 26 min in 1999 (Rideout et al., 2010) . This popularity is, in part, because video games provide a practical medium for personal and social gratification as gamers enjoy the challenge of beating the game and other players in an engaging, indiscriminate "level playing field" as compared to the real world (Sherry, Lucas, Greenberg, & Lachlan, 2006) . The demographic of gamers includes more than just young children and teenage boys. The gender distribution of games is 47% female and 53% male and the average age of gamers is 30 years (Entertainment Software Association, 2012) .
"Serious games" (SG) developed for educational purposes have experienced increased attention in the past decade (Young et al., 2012) as advances in technology has made electronic media more accessible and digital games more ubiquitous. Areas where SGs are thought to have a particularly high potential for overcoming deficiencies of traditional lecture-driven classes are in science, technology, engineering and math (STEM) curricula (Levine, 2011; Mayo, 2007) . Reasons that students claim to leave STEM programs include either loss of interest in the curriculum, loss of academic self-confidence resulting from a competitive environment (Seymour and Hewitt, 1997) , or incompatible personal learning styles (Bernold, Spurlin, & Anson, 2007) . It is suggested that loss of interest in engineering programs may be associated with the dominance of lecture formatted classes (Blickenstaff, 2005) , which account for more than 95% of engineering courses (Deshpande & Huang, 2011) . Mayo (2007) describes five reasons that SGs can improve interest and retention of STEM majors: massive reach, effective learning paradigms, enhanced brain chemistry, increased time on task and better learning outcomes. Implementing games in K-12 can also expose students to STEM professions in a manner that is fun and engaging, which could increase recruitment and the retainment of college-bound students in STEM majors.
With so much interest in technology and specifically, gaming, more and more focus outside of the research world is being placed on the potential that games may have as an educational tool. The NMC Horizon Report: 2013 Higher Education was developed to inform education leaders, policy makers, and faculty about new and emerging technology and its potential impact on teaching, learning, and research (Johnson et al., 2013) . A key trend noted in the report is the evolution of teaching in higher education to incorporate more informal learning such as online learning, hybrid learning, and collaborative models. Programs such as The National STEM Video Game Challenge promoted by the US government are on the rise. Established by President Obama in 2010, the Video Game Challenge calls for middle and high school students to design STEM related games to promote learner independence (Robertson & Howells, 2008) , systems thinking, and higher-order skills that are fundamental to STEM learning (Resnick, 2012) . The US Congress has also launched the E-TECH Caucus for the purpose of educating policymakers and the public about the benefits that the gaming industry can have on education and the economy (Levine, 2011) . Additionally, in 2012 the first national policy initiative on digital gaming's role in education, health, civic engagement, and numerous other areas was introduced (Toppo, 2012) .
This paper provides an overview of GBL and serious environmental management games and their potential to improve cognitive development, professional skills and the learning experience in regard to environmental management. GBL has been found to enchance soft skills such as critical thinking, creative problem solving and teamwork (Gee, 2004; Johnson et al., 2013) as well as improve learning retention, cognitive development and socialization, among others (Squire, 2008; Van Eck, 2006) . It caters to different learning styles, providing a supplement to the traditional methods in order to accommodate a greater proportion of learning orientations. The review describes the state of SGs in the environmental management field, and provides insight into their variation pertaining to theme, objective, intended participants, game type and availability, among others.
Game-based learning (GBL)
GBL is a pedagogical method of learning that utilizes role-plays, board games, card games or video games to promote retention of learned material and cognitive development. For traditional lecture-driven classes, learning occurs in an environment (the classroom) outside the context of the material being taught. On the other hand, the learning environment in a game is relevant to the subject and allows players to apply and practice what they have learned within an authentic context; this style of learning has been shown to be more effective than purely lecture-driven learning (Van Eck, 2006) . At the foundation of GBL methods are key mechanisms (fundamental aspects) and principles (underlying concepts) that have been identified as important elements for learning (Perrotta, Featherstone, Aston, & Houghton, 2013) . The most commonly supported mechanisms for a successful GBL experience include rules, goals, fictional settings, progressively difficult goals, interactivity and user control, uncertainty, immediate and constructive feedback, situated cognition, and social elements (Annetta, 2010; Perrotta et al., 2013; Squire, 2008) . These elements are implemented differently depending on the type of media, e.g. board game versus video game, but follow similar themes nonetheless.
Based on the work of Caillois (1962) , Frasca (1999) introduced a classification system in which games are categorized into two groups: paidea and ludus. Ludus games are those that result in winners and losers (e.g. chess or Pac-man) and are more complex. Paidea games, on the other hand, have no true winners or losers (e.g. merry-go-round), providing a different means of GBL that is not driven by competition. The distinction is important because ludus games can create an element of competition, which serves to instill a sense of motivation and drive to perform at a higher level in the game than one's opponent (player or computer). Friendly competition encourages learning material more completely, utilizing critical thinking skills to apply the learned material in a more effective way than other players (Burguillo, 2010) .
In addition to a paidea and ludus characterization of games as a whole, Frasca (1999) also used this system to classify game rules. Paidea rules establish how the game is played and ludus rules explain how the game is won or lost. For example, in the arcade game Pac-man, paidea rules establish that the player can move up, down, left and right; points are earned by eating Pac-dots and a life is lost if Pac-man contacts one of the enemies. The ludus rules for Pac-man determine that a player loses when he runs out of lives and wins when he eats all the Pac-dots and progresses to the next level. In addition to rules, two other elements are used to interact with the player and create the platform where learning occurs. These elements include gameplay and narratives (Ang, 2006) .
Learning principles and orientations
Learning principles and orientations provide the theoretical foundation as to the efficacy of GBL as a pedagogical tool. Understanding learning principles such as motivation, flow, situated cognition, and socialization help identify game design elements that incorporate specific learning principles which support an intended learning outcome. Motivation or interest in the material being taught plays an important role in learners' initial engagement and affects their intensity and persistence towards learning (Annetta, 2010; Corti, 2006; Dorn, 1989) . Students interested in games will be more likely to spend more time than they would for pencil and paper homework. Jones (2003) surveyed 1162 students from 27 colleges and universities, indicating that 65% of college students play video, computer or online games regularly or occasionally.
The flow concept explains the optimal experience resulting from the complete immersion of oneself in a challenging environment which produces intrinsic motivation, clear goals, a high degree of control, intent focus and lost awareness of time (Csikszentmihalyi, 1991) . In respect to video games, flow is the experience of being in "the zone" (Chen, 2007) , a state of mind common for digital natives and undoubtedly observed by their parents as characteristically involving starring at a TV or computer monitor for hours on end with little regard to their surroundings. Research has shown that the flow state in SGs improves learning (Webster, Trevino, & Ryan, 1993) and is an element that many game developers have tried to incorporate into educational games.
Situated cognition is the ability for students to experience scenarios in a virtual world (for digital games) or role-playing games in the classroom by providing an embodied experience where learning takes place in a contextualized environment. This principle, which finds knowing and doing inseparable, can be used to prepare students for actions that would occur in real-life situations as opposed to learning accomplished in traditional classrooms. Learning occurs through various modalities (words, actions, objects, artifacts, symbols, texts, etc.) in the game's environment and receive direct feedback based on the effect of their actions (Gee, 2004) . Many games also include opportunities for socialization (Levine & Vaala, 2013; Squire, 2008; Van Eck, 2006) , normally through the use of teams or as role players addressing different issues. Students playing collaborative games communicate with their peers as they navigate the game, which provides the added benefit of enhancing students' social skills (Kirriemuir & McFarlane, 2004) .
The most commonly recognized learning orientation models include behaviorism, cognitivism, humanism and constructivism (Smith, 1999) . Wu, Chiou, Kao, Hu, and Huang (2012) note that constructivism and humanism are emphasized more in game-assisted learning than cognitivism and behaviorism. Behaviorism (Pavlov, 1927; Thorndike, 1898; Watson, 1913) maintains that learning is produced through stimulation and reinforcement and is manifested by a change in behavior (Smith, 1999) . It is best suited for learning skills that require little cognitive processing such as acquiring factual knowledge, memorizing processes, or developing motor skills (Hense & Mandl, 2012) . In contrast to behaviorism, cognitivism focuses on an individual's mental process, not only his environment (Smith, 1999) . Instead of viewing learning as isolated events and actions that occur when our minds passively exchange stimuli with an appropriate response, the cognitive orientation dictates that it is an individual's active mental process that puts the pieces together to gain insight into the solution of a problem (Merriam & Caffarella, 1999) . Games that support theories of cognitivism typically involve problem-solving by way of a game's narrative (Hense & Mandl, 2012) . Information embedded into the storyline, the context of the game and the players' own experiences encourage critical thinking as a means of solving complex problems.
Humanism is focused on the human potential for growth through self-actualization or personal growth and development (Maslow, 1970; Rogers, 1983) , which leads to self-directed learning. Constructivism describes learning as a way to construct meaning from experience (Merriam & Caffarella, 1999) and is focused on a holistic perspective of learning which incorporates experience, perception, cognition and behavior (Kolb, 1984) . Strategy and design games work well for individual-constructivism as do games that use simulations to represent reality (Hense & Mandl, 2012) . Furthermore, social-constructivism occurs when players communicate and cooperate face-to-face or through online media such as forums, chats, virtual worlds or video/digital messaging (Hense & Mandl, 2012) .
Serious games
There is a variety of nomenclature utilized for referring to technology or games that are intended for educational or instructional purposes such as e-learning, authentic instruction, alternative purpose games, synthetic learning environments and edutainment, among others. The focus of this paper is on the genre of serious games (SGs). There are numerous definitions for SGs, often varying depending on the different perspectives and purposes that they were developed to explain (Susi, Johannesson, & Backlund, 2007) . A common theme in most definitions, however, is that SGs are not designed solely for entertainment purposes, but as a tool to educate, train and inform users (Abt, 1987; Michael & Chen, 2005; Susi et al., 2007) . That is not to say that SGs are not entertaining or fun for players, only that entertainment is not the primary focus of such games (Michael & Chen, 2005) . Some also argue that any entertainment game could be converted to a SG if an educational or training purpose could be developed for the game (Susi et al., 2007) , while others contend that the utility of purpose must be present during the development of a game if it is to be considered a SG (Girard, Ecalle, & Magnan, 2013) .
SGs that incorporate digital GBL are deemed by many to create the greatest potential for student learning over other media (Gee, 2004; Prensky, 2001; Squire, 2008) . The creation of immersive and engaging environments in which players can explore and learn is more feasible than ever with today's technology. By utilizing available technologies in the development of SGs, students will be given the opportunity like never before, to experiment with realistic simulations using animations, graphics and an interactive environments that effectively explain and illustrate course content and develop students' skills (Deshpande & Huang 2011) .
Digital SGs have been developed for subjects including health care and medicine (Hansen, 2008; Graafland et al., 2012 (Losh, 2005; McDowell, Darken, Sullivan, & Johnson, 2006; Smith, 2010) , computer programming (Coelho, Kato, Xavier, & Gonç laves, 2011; Muratet, Torguet, Jessel, & Viallet, 2009; Muratet et al., 2011) , foreign language and culture (Anderson, Reynolds, Yeh, & Huang, 2008; Connolly, Stansfield, & Hainey, 2011; Johnson & Wu, 2008) , sustainable resource management (Pierce & Madani 2013 , business management (Faria, Hutchison, Wellington, & Gold, 2009; Parsons et al., 2012; Riedel and Hauge, 2011) , health promotion (Wattanasoontorn, Boada, García, & Sbert, 2013) , engineering (Mayo 2007; Coller & Scott, 2009; Coller & Shernoff, 2009; Pierce, 2013) , mathematics (Chang, Wu, Weng, & Sung, 2012) , and physics (Joiner et al., 2013; White, 1984) for the positive impacts that they have been found to support, including analytical and spatial skills, strategic skills and insight, learning and recollection capabilities, psychomotor skills, visual selective attention improved self-monitoring, problem recognition, problem-solving, decision-making, better short-term and longterm memory, and increased social skills (Susi et al., 2007) .
There are some drawbacks to digital SGs. Many educators do not have the time or skill to develop games on their own and having them designed by professionals is costly and impractical (Whitton, 2012) . To compound this issue, educators would be required to spend additional time learning the game, developing methods to implement it in the classroom and convincing school stakeholders of its educational benefits, a time-consuming venture some educators might rather forgo (Kirriemuir & McFarlane, 2004) . Additionally, not all games are designed with well-established learning theories in place, leading to players failing to acquire the intended results. Therefore, research into the most effective design models is ongoing (Annetta, 2010; Garris, Ahlers, & Driskell, 2002; Gunter, Kenny, & Vick, 2006; Kiili, 2005; Sweester & Wyeth, 2005; Wilson et al., 2009 ) for producing successful learning through SGs.
GBL literature review
One of the first reviews related to GBL was that of Randel, Morris, Wetzel, and Whitehill, 1992 who investigated the effectiveness of games and simulations for educational purposes, separating games and simulations into categories related to a field of interest: social sciences, math, language, arts, physics, biology and logic. Using posttests of games/simulations compared to those of the posttests of traditional teaching techniques, they suggested that 56% of the reviewed studies showed no difference in students' performance when either teaching method was utilized, 32% favored games/simulations, 7% favored games/simulations but had questionable controls, and 5% favored traditional teaching techniques. Randel et al. (1992) also indicated significant advantage of games/simulations in terms of the students' interest in and retention of the learned material over time, especially when games/simulations had a clearly stated goal (such and math, physics and languages) as opposed to when they were more general (such as social sciences). Wolfe (1997) reviewed business games that featured three criteria: predefined, objectively measured learning objectives; controlled or equivalent group research designs; and objectively assessed learning outcomes. GBL was found to be advantageous to learning via case studies, the preferred method for teaching strategic management. Hays (2005) conducted an extensive review of instructional games with an emphasis on empirical research in order to connect previous literature on the effectiveness of games. The study suggests that empirical research on the effectiveness of games is "fragmented" with literature often focused on different tasks, age groups, and types of games. He affirms that some research reveals games can be effective tools for learning, but asserts that there is no evidence that games are the preferred method of instruction for all situations. Additionally, students' comprehension of intended learning outcomes was found to increase with instructional support by gameplay and the inclusion of feedback mechanisms and a debriefing session upon completion of a game (Hays, 2005) .
A meta-analysis by Vogel et al. (2006) investigated studies concerning games and interactive simulations that included cognitive gains or attitudinal changes as one of the main hypotheses. The meta-analysis, which only included studies that reported statistics evaluating gaming and interactive simulations against traditional classroom teaching, suggests that application of games or simulations resulted in significantly higher cognitive gains and improved attitudes towards learning than with the use of traditional teaching techniques. Another meta-analysis by Ke (2009) examined both qualitative and quantitative evidence for computer games being used for learning and the factors, if any, that promote the effectiveness of instructional games. Out of the 65 studies, 52% reported significant positive effects for the use of computer-based games, 26% reported mixed-results (positively affecting certain learning outcomes, but not others), 18% reported no difference and only one study reported that conventional instruction was more effective than the corresponding instructional game. Furthermore, it was found that instructional support features are a necessary component of effective games and that the best practices for designing and applying instructional games is to align and integrate three clusters of key variables: learning, learner and instructional design (Ke, 2009) . Perrotta et al. (2013) synthesized the impact of GBL on students and schools, reporting that while the literature was divided as to the effect that games can have on overall academic achievement, there is a predominant indication of improved problem-solving skills and knowledge acquisition associated with gaming. Concerning the impact that GBL might have on schools, Perrotta et al. (2013) recognized that overall, the results "appear to demonstrate a positive relationship between gaming in the classroom, learning outcomes and motivation and engagement." Most recently, a meta-analysis by Girard et al. (2013) examined the effectiveness of video games and SGs from 2007 to 2011 on learning and engagement based on 9 studies containing empirical data from game evaluations, utilizing 'pre-test − game − post-test' design and containing a control group. This synthesis reported moderate positive effect on learning, although lack of precise quantitative data hindered evaluation of the magnitude of the learning and improved engagement and motivation. Further, the combination of results achieved, in conjunction with prior literature regarding the effect of engagement, lead them "to think that SGs might be powerful tools for learning." In addition, Girard et al. (2013) concluded that elements of each game such as quality of design, game mechanics, devices used for play, game scenario, integration of additional elements, and context of use will affect the efficacy of a game and should therefore be considered specifically and at an individual level.
Environmental management games
Environmental systems involve complex and interdisciplinary characteristics that not only contribute to the difficulty of their management, but also to the challenge of educating students and stakeholders on such matters. This review provides a compilation of environmental management games that can assist educators and researchers locate a tool appropriate for their objective, whether it be education, mediation, negotiation, etc. Research into the potential effects and uses of GBL, especially those that feature learning orientations as their framework bears promise for facilitating teaching and understanding of environmental management concepts. There are a few reviews of games for engineering (e.g. Katsaliaki and Mustafee (2012) who surveyed sustainable development games and Deshpande and Huang (2011) who reviewed simulation games for various areas of engineering), but none for environmental management for higher education students, professionals or stakeholders. This review also details what topics or subject areas have received the most interest and which need further development. It is timely to consider implementing SGs as they continue to gain momentum and improve in terms of pedagogy and usability design. The New Media Consortium (NMC) Horizon Report (2013) expects to see widespread adoption of games and gamification in higher education by 2015-2016.
Dataset
Games were identified by searching the OneSearch database for keywords including: games, player, education or teaching, in combination with other keywords such as environmental; natural resources; water; water resources; etc. The same process was also repeated on Google and Google Scholar search engines; for which the first 50 results were checked. Information regarding the remaining games was obtained from additional literature search.
Games were included if they met the following criteria: (1) intended for use in higher education and/or by stakeholders and professionals;
(2) met the definition of SG (i.e., games that established hard ludus rules, were not designed solely for entertainment purposes, and were not merely simulation games); and (3) intended for educational or instructional use. Examples of games that were not considered suitable for inclusion were the well-known simulations SimEarth (Wright & Haslam, 1990) , which teaches global ecology and earth science and SimCity 4 (D' Artista & Hellweger, 2007) , which can be used for teaching urban hydrology and water management. These games were not included in the survey because they do not establish hard ludus rules and their development was not for educational or instructional use. Similarly, face-to-face role-plays such as The Externalities Game, The Environmental Management Game, The Location Game and The Agricultural Policy Game (Bazan, 1976) were not discussed in conjunction with this paper as they fail to provide hard ludus rules and are more similar in design to that of a simulation game. As previously stated, addition of ludus rules to a game can effectively transform any paidea game into a ludus game, but for the purposes of this paper, only games containing predefined, hard ludus rules are considered.
Twenty-five SGs were found that met the inclusion criteria necessary to be considered a SG related to environmental management. Table 1 outlines these games chronologically by name and includes a source where information pertaining to each game can be found. The games included in Table 1 , range from the Irrigation Management Game, developed in 1994 to the Climate Change Survivor game, created in 2013. Fig. 1 shows the number of games that have been developed over this time frame. This figure shows a positive trend in development of environmental management SGs, consis-tent with the reported expansion of the development of educational games recent history (Prensky, 2001; Susi et al., 2007) .
Analysis variables
In order to analyze the 25 environmental management games listed in Table 1 , specific information about each game was recorded. Pertinent information was extracted from academic papers, the game's website or by playing the games. The following variables were determined to be of interest:
1 Theme: the main focus of the game, e.g. climate change, water management, ecosystem ecology. Themes are not mutually exclusive; 2 Player's role: the identity of the character that a player assumes in the game, for example, in the Irrigania game (Seibert & Vis, 2012) each player acts as a farmer in charge of irrigated crops; 3 Game objective: the specific result that a player aims to achieve by the end of the game; 4 Number of players: identifies the number of players that can participate in the game; 5 Participants: establishes the group of players the game was developed for: students, professionals or stakeholders; 6 Type of game: the classification of each game, whether the game is a board game, card game, digital game (electronic game with a user interface and visual feedback), online digital game (digital game that is played online), and hybrid simulation game (role-play, board game or card game that utilizes a computer simulation to produce results that progress the game); 7 Graphics: the dimensions of the game's visual display, either 2D or 3D; and 8 Availability: identifies how the game can be obtained Table 1 provides an overview of each game including its theme (column 4), player's role (column 5) and game objective (column 6). The number of subjects for the game's theme was kept as small as possible to emphasize the main topic of the game. For example, the chief themes present in the game Citizen Science include lake ecology and conflict resolution, however, other topics are, to a lesser degree, encountered within the game such as wetlands, flooding, and water quality. These secondary subjects are left out of thematic descriptions to provide clarity in the attempt to demonstrate each game's individual niche in environmental management. Table 2 presents additional game information including: number of players, participants, type of game, computer graphics (2D or 3D), and availability of the game.
Observations
The most ubiquitous themes of the 25 games comprised conflict resolution (25%), water management (23%), irrigation (9%), ecosystem ecology (8%) and environmental education (8%). Fig. 2 displays these results, where the category "other" encompasses themes with only one count (e.g., agricultural and farming management, energy, geology, globalization, risk analysis and silvopasture management).
In the majority of games, player's assumed a role of power position or decision-maker such as a farmer, manager, community leader, or landowner. In these games the player usually has complete authority to make decisions that affect a larger group of individuals. In multi-role games (indicative of a multi-player game) the role of the individual players is less powerful and often in conflict with those opposing players. For example, in the Butorstar game (2007) players represent reed harvesters, stockbreeders, naturalists or hunters and each must make choices based on their role, which in turn affects the virtual wetland in the game. Each player can only control specific dynamics related to his role; a reed To help players learn about the challenges of water management in an uncertain future through the development of sustainable water management plan for a river delta. To promote awareness of the actions that can be taken to prepare and protect ourselves from the impacts of climate change and discuss factors that make us more or less safe in regard to climate change. harvester's job is to maintain or increase the areas of reed harvested and the naturalist is trying to maintain and develop the reedbed as a wildlife refuge, opposing goals resulting in a conflict of interest.
The five styles of game design among the 25 games analyzed included hybrid simulation games (32%), online digital games (32%), board games (20%), card games (12%) and digital games (4%). Fig. 3 displays the thematic breakdown of environmental management games in the compiled sample. Of the games evaluated, 28% were single-player, 24% were multiple-player games with no specific number of players required, and the remaining games required between 2 and 26 players. It is important to note that many of these games, even the single-player games, could be modified for use by teams of players instead of by individuals. For example, although Aqua Republica is a single-player game in which the player's role is that of a city planner, a team of 3-4 students or even an entire class could work together while playing the game.
The majority of the games (84%) were intended for a combination of student, professional and stakeholder use, and 16% were created for the general public. We differentiate between stakeholders and the general public based on their "degree of care" about the games' thematic environmental management problem. Stakeholders are a targeted group of players with personal interest in the environmental management problem because of its direct consequences for them. Example of stakeholders is a group of Vietnamese farmers who played SAMBA, a role play game in the context of land use change dynamics, which has direct implications for their livelihood (Boissau, Anh, & Castella, 2004) . A member of general public, on the other hand, is a player who may not have to personally cope with direct consequences of an environmental problem, e.g. players of Climate Challenge, a free online game in which the user assumes the role of the president of the European Nations, attempting to save the Earth.
The majority of games accessed were 2D; only the Sustainable Delta game (Haasnoot, Offermans, van Lieshout, & Valkeringen, 2010) , Fate of the World, and Aqua Republica were 3D. The games labeled "N/A" in the Computer Graphics column in Table 2 consist of those without computer graphics. One of these games is not a traditional board game however; the River Basin Game (Lankford, Sokile, Yawson, & Levite, 2004 ) is a 3D representation of a watershed con- 
Discussion
Despite the proliferation of GBL papers in the last two decades, GBL learning is still a burgeoning field, and the dialogue about applications of SGs in environmental management is in its inception stage. Herein, we analyzed the compiled sample of SGs according to theme, player's role, game objective, number of players, intended audience, graphics, and availability. Extensive research with contributions from across the field of environmental management is required to rigorously understand important characteristics of SGs such as incorporated learning principles, learning objectives, game strategies, learning effectiveness, communication (e.g., in multiplayer games), and learning orientations of the users, among others.
SGs possess the capability to manifest numerous qualities that have been connected with improved learning experiences and cognitive development. This review of environmental management games documented 25 SGs that have been developed between 1994 and 2013. During this time the number of games has continued to increase and although no major trend in the type of game (hybrid simulation, online digital game, digital game, card game or board game) is discernible, hybrid simulations and online digital games appear to be developing with more frequency than the other groups. The games vary considerably encompassing topics from climate change and water management to globalization, risk analysis and conflict resolution. The complexity of the games and the time required for play was also quite disparate. The main shortcomings of the reviewed environmental management games were the omission of: (1) evaluations for assessing a game's effectiveness; and (2) pedagogical foundations for which the game was based upon.
One of the current obstacles for using SGs in higher education is associated with difficulties in seeking out available games. Often proving more of a challenge, it must then be ascertained whether the game is appropriate for one's intended use. The intended learning outcomes or skill development are not always explained thoroughly and many games are not well suited for classroom use. A centralized source for locating and obtaining information pertaining to the available educational games and their most appropriate applications, effectively an online database for SGs, would undoubtedly prove helpful for interested educators and students. Such a database could provide links to online games, directions to create a game (card game, board game, or role-play) and methods for implementation. Ideally, such online database would include features allowing users to provide feedback on games, collaboration between SG developers and dissemination of new information in regard to SGs.
Because methods employed in determining the effectiveness of SGs vary greatly among studies, prevention of disparities in testing procedures, such as among the control groups, necessitates development of standardized methods for evaluating the effectiveness of SGs. The GBL literature is not conclusive about the effectiveness of GBL learning. It is widely acknowledged that measuring "true learning" is difficult and evaluations often boil down to a set of test scores that may not reflect deep understanding of the subject matter (Prensky, 2005) . While evidence has been found about the effectiveness and efficiency of serious video games for language learning, history, and physical education (Young et al., 2012) , various styles of game design (e.g., hybrid simulation games, online digital games, board games, card games, and digital games) have not been collectively assessed with respect to their effectiveness and efficiency to facilitate environmental management education. Developing standardized methods for evaluating the effectiveness of games is a critical research frontier, recognizing that the effectiveness of games is not universal for all educational purposes, and it depends on the design and components of each game and the context in which they are used. Thus, comprehensive assessments of GBL effectiveness should explore game design features, including game mechanics and elements of game narrative and environment.
Another problem facing the inventory of natural resource games and an impediment to the implementation of GBL is that a majority are not available for free online, making it more burdensome for educators to implement these games in their classrooms and even more unlikely that students would play on their own. Purchasing commercial games and the necessary hardware required to run them, in addition to the time spent by educators to learn the skills essential for game development and application all create added cost burdens to an educational system. To overcome this issue instructors can create low-cost games, teach from games as opposed to with games (using off-the-shelf games) and empower students to learn through creating games (Van Eck, 2006; Whitton, 2012) .
A limitation of this review stems from the fact that there are many games that are not published in academic journals or even available online. The majority of SGs in environmental management disciplines have been created by academics for their own use as teaching tools and are not necessarily made publically available. Beside educational purposes, environmental management games can be used for facilitating environmental negotiation and mediation processes, motivating cooperation among stakeholders on management of environmental resources (Pierce and Madani 2013) , and for collecting behavioral data for validation of agentbased and game theoretic environmental models (Pierce & Madani, 2014) . While review of these functionalities of environmental management games was not intended here, these subjects are worthy of consideration by future studies.
As technology, computing power and computer graphics continue to advance and increasingly become a part of everyday life, particularly in the STEM disciplines, educators should embrace the tools that accompany this technological advance. By improving game design and implementation based on learning principles (e.g., motivation, flow, situated cognition, and socialization) and learning orientations (e.g., behaviorism, cognitivism, humanism and constructivism), future SGs can be expanded to improve areas such as cognitive development, acquisition of factual knowledge, teamwork skills, critical thinking skills, and creative problem solving, among others.
Final remarks
The purpose of the review was to determine the state of GBL and SGs for environmental management, provide insight into their potential as educational tools in higher education and identify areas of improvement. A number of conclusions can be derived from the described reviews of the GBL literature: (1) the effectiveness of games is not universal for educational purposes, it depends on the design and components of each game; (2) many studies of educational games contain methodological problems and lack quantitative results, making it difficult to assess the accuracy of the findings; (3) there is a need to investigate longitudinal studies to determine the influence, if any, on the effectiveness of games; (4) debriefing is an important element of GBL, allowing participants time to reflect over their experiences and understand the connections between gameplay and instructional objectives; and (5) GBL can increase motivation and engagement, which has beneficial effects on learning outcomes.
Taking into account daily hours spent online by today's learners, there is a great potential to incorporate this style of learning to reach and connect many learners of environmental management concepts. The reviewed games cover a range of learning principles (e.g., motivation, flow, situated cognition, and socialization) and learning orientations (e.g., behaviorism, cognitivism, humanism and constructivism). The multiple learning theories (e.g., experiential and self-directed learning) that arise from different learning principles and orientations are of great importance to the notion of GBL as they encompass the principles behind "how" and "why" SGs can teach what they are intended to teach. If games with worthwhile learning objectives are knowledgably designed in which students enjoy participation, the time spent learning could significantly increase. It would require very strong evidence to consider replacement of traditional learning styles with a game-based approach. For now, application of games as a supplement to current practices is more feasible until more conclusive research investigating the relationship between SGs and academic achievement is available and incompatibilities between informal learning and formal practices are overcome.
